Endoscopic biliary sphincterotomy and stent placement comprise an acceptable approach to the management of most cases of bile duct leak without associated additional injury [1] . Published reports of endoscopic therapy to treat bile leaks show an 88 -100 % success rate [2 -7]. The goal of endoscopic therapy is to eliminate the pressure gradient across the sphincter of Oddi, allowing transpapillary bile flow into the duodenum and avoiding extravasation from the leak site. The type of treatment pursued depends on the size of the leak, the location of the leak, the presence of a biloma and any retained stones or sludge [2, 8] .
ABSTR AC T
Background and study aims In plastic stent insertion for treatment of post-cholecystectomy bile leak, stent migration may be more common due to the absence of a shelf to anchor the stent. We evaluated how adding a flap to straight plastic stents for this indication might influence the rate of stent migration when compared to use of conventional plastic stents.
Patients and methods This is a retrospective study including patients referred for ERCP for treatment of postcholecystectomy bile leak. Patients with a customized antimigration flap stent had the additional flap created on the distal end of straight plastic stents, intended to aid in anchoring in the distal supra-sphincteric biliary duct. The primary endpoint is stent migration events. The secondary endpoint is bile leak resolution after first ERCP session.
Results Thirty-two patients were treated with the experimental additional flap stents and 225 patients were treated with standard straight biliary stents. The total failure rate of bile leak resolution after a single endoscopic treatment for all treated was 10.5 % (27/257) and the total stent migration rate for all enrolled was 15.2 % (39/257). Stent migration rate was lower in the additional flap stent group than in the conventional group (3.1 % vs. 16.9 %, respectively, P = 0.04). Furthermore, significantly more patients had resolution of their bile leak after the first ERCP session in the group with the additional flap (100 % vs. 88 %, respectively, P = 0.03).
Conclusion A plastic biliary stent with an extra flap may have improved performance with regard to stent migration and resolution of bile leak over standard plastic biliary stents. of 2.3 % [5] . Anecdotally, we have noted higher rates of migration in bile leak patients, compared to stent placement for nonbile leak indications.
We hypothesized that creating an additional flap on the supra-sphincteric distal (downstream) end of the plastic stent may decrease the rate of duodenal migration for the treatment of bile leak. In this proof-of-concept study, we evaluate the efficacy and migration rate of stent placement with stents containing an additional "antimigration anchor flap" in patients with post-cholecystectomy bile leak.
Patients and methods
This is a retrospective case-control study of all patients between January 2006 and December 2016 who were treated with biliary stent insertion at endoscopic retrogradecholangiopancreatography (ERCP) for post-cholecystectomy biliary leaks at Indiana University Hospital. Inclusion criteria included: documented bile leak on index ERCP post-cholecystectomy and placement of a plastic biliary stent for the management of bile leak (either standard plastic stent or modified plastic stent with extra anti-migration flap). Exclusion criteria included: prior ERCP or stent placement at other hospital after cholecystectomy, early treatment failures within 7 days due to complicated problems, loss to follow-up (including stent removal after 150 days from stent placement), death prior to stent removal unrelated to stent, metal stent insertion or pig-tail stent insertion at time of ERCP.
For the modified stent, a scalpel was used to cut a flap no more than 40 % deep into the diameter of the stent. If the stent flap is cut as such, no weakening is apparent. Stents are not difficult to deliver as there is usually no stricture. The additional flap was made 1 -1.5 cm above the distal (duodenal) flap of a straight plastic stent ( ▶ Fig.1 ). The directional orientation of the additional flap is the same direction as the proximal flap, intended to aid in anchoring in the distal supra-sphincteric biliary duct ( ▶ Fig.2 ). All ERCP endoscopists performed procedures for bile leaks using both conventional and the additional flap stents. There was no pre-specified patient selection criteria for which type of stent to deploy per patient, and was at the discretion of the endoscopist.
Post-cholecystectomy bile leaks were divided into two groups, as have previously been described in the literature [6, 11] : (1) simple bile leaks: leak from the cystic duct stump or cholecysto-hepatic Duct of Luschka; and (2) complex bile leaks: leak from major bile duct injury or combined with ductal stricture or complete transection of the bile duct. Healing of the bile leak was defined as resolution of a bile leak within typically 4 to 6 weeks after the first ERCP, without requiring further intervention (except for biliary stent removal in the resolved leak) [6, 7] . Standard protocol in our institution is to bring every bile leak patient back in 4 -6 weeks from the index ERCP for biliary stent removal and cholangiogram to document either leak resolution or persistent leak. Early failure of the endoscopic treatment of biliary leak was determined by the need for further ERCP or intervention to control the bile leak within 7 days, and patients Original article with early failure were excluded from the analysis of migration rate.
Data regarding endoscopic findings, treatment modalities (stent type, stent size) and outcomes (stent migration, leak resolution) were obtained from a prospectively collected ERCP database, in addition to further retrospective review of the medical record and endoscopic record and saved images. This study was approved by the Indiana University Institutional Review Board (IRB # 1506123407).
Pearson's chi square test (or Fisher's exact test) was used to analyze the difference of categorical variables, and Man-Whitney U test was used to analyze the difference of continuity variables between two groups. Univariate analysis and multivariate analysis were performed on selected variables for assessing stent migration. P < 0.05 was considered statistically significant.
Results
During the study period, 324 patients were referred to our hospital for post-cholecystectomy bile leak and underwent ERCP. Sixty-seven patients were excluded due to stent insertion in other hospitals, lost to follow-up, stent removal after 150 days, death due to other causes before stent removal, early treatment failure within 7 days, or no definite leak on cholangiogram (▶ Fig. 3) . Thus, there were 257 total patients included in the analysis. Thirty-two patients were treated with the additional flap stent and 225 patients were treated with conventional plastic stents. Nearly all (255/257) patients had concomitant biliary sphincterotomy with biliary stent placement for management of bile leak.
The baseline characteristics and initial ERCP findings of the two groups are summarized in ▶ Table 1 . There were no statistical difference in demographics including age and sex. Furthermore, there were no differences in the site of bile leak or severity of bile leak. There were differences in the maximum bile duct diameter in the additional flap group compared to the conventional stent group (6.5 mm vs. 8.3 mm, respectively, P = 0.003) and status of retained choledocholithiasis at time of index ERCP (0 % vs. 13.8 %, respectively, P = 0.019).
ERCP interventions and outcomes are summarized in ▶ Table 2. The combined failure rate of a single endoscopic treatment for all patients was 10.5 % (27 /257). The combined stent migration rate for both groups was 15.2 % (39 /257). Additional endoscopic therapy with multiple stent insertions in patients with failure of single endoscopic treatment resulted in biliary leak healing in all remaining patients. In the additional flap stent group, the stent migration rate was significantly lower than that in the conventional group (3.1 % vs. 16.9 %, respec- Results are expressed in means ± standard deviations or n (%).
tively, P = 0.042). There were no cases of distal migration in the additional flap stent group. There was successful healing of bile leak with the first stent in all additional flap stent group patients (n = 32, 100 %) and in 198 (88.0 %) of the conventional group (P = 0.032). In the conventional group, healing rates were not statistically different between patients with stent migration and without stent migration (P = 0.270). However, univariate analysis demonstrated that stent group was not associated with the prevention of stent migration. Only retained choledocholithiasis was associated with stent migration ( ▶ Table 3 ). The only noted minor adverse events were erosions or shallow ulcers on the duodenal wall which were induced by stent irritation in five patients with partial stent migration. There were no duodenal perforations or gastrointestinal bleeding from migrated stents.
Discussion
This study was conducted to evaluate the hypothesis that an additional flap on a plastic stent may decrease the rate of migration in biliary stents placed for bile leak. Anchoring fins on self-expandable metal stents have been associated with favorable anti-migratory effects in previous studies [12, 13] . In patients who may be at risk for stent migration, the placement of pigtail stents may be considered, yet this can be limited in nondilated ducts (such as in most bile leaks). Older studies have demonstrated more sludge accumulation in stents with side holes than without side holes, and there is the theoretical risk in our study that the additional flap stent could lead to more stent occlusion due to this [14, 15] . Fortunately, stents placed for this indication rarely need to be in place for longer than 2 months and therefore rarely occlude. Based on data from the current study, the total stent migration rate in patients with conventional stent insertion (16.9 %) was higher than previously reported migration rates (up to ▶ Results are expressed in means ± standard deviations or n (%). 1 Proximal migration: movement of plastic stent such that duodenal end is intraductal above papilla.Distal duodenal migration: plastic stent has exited duct and no longer present.Partial distal duodenal migration: plastic stent has moved downward and ≥ 50 % of length is in duodenum.
10 %) [9, 10] . We believe this is because the indication for stent placement in this study is in post-cholecystectomy bile leak, which in the majority of cases is not associated with stricture. Thus, the stent has less to anchor itself to within the bile duct. In our study, there were significantly fewer instances of stent migration in the group of patients treated with a stent with an extra antimigration flap. Although the additional flap stent group was not associated with the prevention of stent migration on univariate analysis, we suspect there would be different results with larger numbers. Furthermore, we found that the rate of leak resolution after a single ERCP intervention was superior in the group of patients who were treated with a stent with an extra antimigration flap. This is an important finding, as patients who have leak resolution after a single ERCP require fewer procedures and likely decrease healthcare costs compared to those that require multiple ERCPs to accomplish leak resolution. We hypothesized that stent migration would be associated with delayed or failure of biliary leak resolution. We did not see that in this study, however. In the conventionally treated group, there was no significant difference in the rates of leak resolution in the patients with migrated and nonmigrated stents. Stent migration in this study did create duodenal erosions or shallow ulcers in five cases, which could predispose to bleeding or perforation. These were not seen in this study. Theoretically, however, a decreased rate of migration with an extra antimigration flap may prevent the very rare complication of migrated stent-induced perforation of the duodenum or other intestinal wall. One limitation of this study is that it is retrospective in nature. Also, there were substantially fewer patients in the modified stent group (n = 32) compared to the conventional stent group (n = 225). Also, there were baseline differences (maximal bile duct diameter, retained choledocholithiasis) in the groups of the patients, and thus they may not have been equivalent groups of patients. Because this is a proof of concept study and the number in either group would not be robust enough to match cases, we didn't do a propensity matching analysis by using multiple variables: demographics, type of leak, endoscopist, stent diameter, stent length, duct diameter, number of stents, and presence of sphincterotomy. Future prospective studies will better be able to address any potential bias that may be present in the current study.
▶

Conclusion
In conclusion, our study demonstrates improved performance with regard to leak resolution and stent migration in patients treated with a plastic biliary stent with an extra antimigration flap, compared to standard therapy with conventional plastic biliary stents. The addition of a flap is a simple scalpel cutting technique which takes less than one minute, and incurs no additional cost to the standard conventional stent. If further data supports the improvement of performance with this stent type, either endoscopists may find this a simple stent modification to perform at the time of the procedure or a commercial company may consider manufacturing such a stent. A prospective, randomized and controlled multicenter study would further define the benefits of this approach to endoscopic management of bile leaks.
